Abstract-Recent developments in reconstruction and resolution enhancement for microwave instruments suggest a possible tradeoff between computation, resolution, and downlink data rate based on postcollection reconstruction/resolution enhancement processing. The Hydrospheric State mission is designed to measure global soil moisture and freeze/thaw state in support of weather and climate prediction, water, energy, and carbon cycle studies, and natural hazards monitoring. It will use an active and passive L-band microwave system that optimizes measurement accuracy, spatial resolution, and coverage. The active channels use synthetic aperture radar-type processing to achieve fine spatial resolution, requiring a relatively high downlink data rate and ground processor complexity. To support real-time applications and processing, an optional postcollection reconstruction and resolution enhancement method is investigated. With this option, much lower rate real-aperture radar data are used along with ground-based postprocessing algorithms to enhance the resolution of the observations to achieve the desired 10-km resolution. Several approaches are investigated in this paper. It is determined that a reconstruction/resolution enhancement technique combining both forward-and aft-looking measurements enables estimation of 10-km resolution or better backscatter values at acceptable accuracy. Key tradeoffs to achieve this goal are considered.
I. INTRODUCTION
A VARIETY of active microwave radar scatterometers have flown in space. These include the Earth Resources Satellite 1 and 2 (ERS-1 and ERS-2) and the Active Microwave Instrument (AMI) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) [1] , the NASA Scatterometer (1996-1997) (NSCAT) [2] , and the SeaWinds scatterometer operated aboard QuikSCAT (1999-current) and ADEOS-2 (1999) [3] . Together, these instruments have demonstrated the utility of radar sensors in the study and monitoring of the earth's land, ocean, and atmosphere. The global coverage, but low resolution, of these sensors complements the high resolution, but limited coverage, of synthetic aperture radar (SAR) systems.
Previous scatterometers have been real-aperture radars that operate by transmitting a pulse of microwave energy toward the earth's surface and measuring the reflected energy. The backscattered energy is related to the normalized radar backscatter cross section (NRCS) via the radar equation [4] . The antenna beamwidth of the sensor determines the limiting spatial resolution of the NRCS observation, with typical resolutions varying from 25-50 km. Range processing may be employed, however, in order to improve the spatial resolution along the elevation axis of the footprint [20] . Scatterom have been primarily employed for the retrieval of near-surface winds over the ocean via measurements of the Bragg scattering from the wind-generated wave field of the surface [2] , though scatterometer data are being applied to the study of tropical vegetation, polar ice, and global change (e.g., [5] - [10] ). Scatterometer data are widely used in operational weather forecasting and sea ice monitoring.
In contrast, microwave radiometers are passive, receive-only sensors that measure the thermal emission (brightness temperature) of the target in the microwave band [4] . The apparent scene brightness temperature is related to the emissivity and temperature of the surface and is modified by moisture content and temperature of the intervening atmosphere. By appropriate selection of operating frequencies in several microwave bands, geophysical parameters such as the temperature and moisture content of the atmosphere, sea ice, and snow cover, as well as key surface properties such as land surface temperature [11] , and soil and plant moisture (see [12] - [15] among others) can be estimated. The latter application concerns us here.
Improved soil moisture observations can be made with low-frequency radiometers by compensating for the effects of surface vegetation. Such compensation can be accomplished by using collocated scatterometer observations [16] , [17] . The Hydrospheric State (HYDROS) mission was designed to obtain combined radiometer/scatterometer soil moisture retrievals [14] , [18] , [19] . To improve the spatial resolution of HYDROS soil moisture measurements, unfocused SAR processing is employed for processing HYDROS scatterometer measurements. SAR-type processing is computationally intensive and requires a large downlink data rate. To support weather prediction and near-real-time operational needs, the HYDROS mission will include an additional low bit-rate (LBR) downlink data stream containing lower resolution real-aperture measurements. Specialized ground-based processing will be applied to this low-resolution product to enhance the spatial resolution and reduce the data latency to operational users.
Recent developments in reconstruction and resolution enhancement for scatterometers [20] suggest a possible tradeoff between computation, resolution, and downlink data rate based 0196-2892/$20.00 © 2005 IEEE on postcollection reconstruction/resolution enhancement processing. The fundamental processing theory of reconstruction and resolution enhancement is described in [5] . In this paper, we consider the application of this technique to the HYDROS mission. While focused on HYDROS, the results and analysis are applicable to other microwave sensors. Two approaches are considered: azimuth-only reconstruction and reconstruction by combining fore-and aft-facing looks. The latter approach, which has been successfully used with SeaWinds, proves most capable of achieving the highest resolution from low-resolution real-aperture HYDROS measurements; however, it requires modification of the instrument by collecting data throughout the antenna rotation. This paper is organized as follows: first, the HYDROS sensors are briefly described. Then, the study approach is described, and azimuth-only reconstruction is considered. Next, the combined fore/aft approach is evaluated and implementation tradeoffs considered. Finally, a brief conclusion is provided.
II. HYDROS DESIGN SUMMARY
A unique feature of HYDROS is its ability to obtain simultaneous active and passive (radar and radiometer) measurements of the surface, with resulting improvements in spatial resolution and accuracy of the derived products. The key derived products are soil moisture at 10-km resolution and freeze/thaw state at 3-km resolution. To generate these products, the HYDROS radar and radiometer sensors measure L-band (1.2-1.4 GHz) microwave emission and backscatter from the surface across a wide swath. The measurements are registered to an earth-fixed grid, providing updated global maps every three days at the equator and midlatitudes and more frequently at higher latitudes. The antenna is an approximately 6-m diameter deployable mesh reflector that provides 3-dB footprint sizes of approximately 40 km for the radiometer (dictated by the one-way gain pattern) and 28 km for the radar (dictated by the two-way gain pattern). The "single-look" radar resolution is enhanced to as fine as 300-700 m by using unfocused SAR processing that uses both range and Doppler processing [18] . From this, a multilook, calibrated output product is generated at 3-km resolution. The soil moisture product at nominal 10-km resolution is obtained by combining the 3-km radar data and 40-km radiometer data using optimal estimation. The radar measurements are more sensitive to the characteristics of vegetation cover, but provide a higher resolution downscaling capability when blended with the more accurate but coarser resolution radiometer measurements.
Key elements of the HYDROS system design are summarized in Table I . The HYDROS spacecraft is designed for a 670-km nearly circular sun-synchronous orbit, with equator crossings at 6 A.M. and 6 P.M. local solar time. The instrument combines radar and radiometer subsystems that share a single feedhorn and parabolic mesh reflector. The radar operates with (vertical) VV, (horizontal) HH, and (horizontal-vertical) HV transmit-receive polarizations, and uses separate transmit frequencies for the H (1.26 GHz) and V (1.29 GHz) polarizations to allow simultaneous operation. The partially polarimetric radiometer operates with V, H, and U (third Stokes parameter) polarizations at 1.41 GHz. The antenna reflector is offset from nadir and rotates about the nadir axis at 14.6 r/min, providing a conically scanning antenna beam with a surface incidence angle of approximately 40 . The fixed feedhorn does not rotate with the reflector. To maintain a polarization that is fixed with regard to the surface, the radar instrument assembly incorporates a pin polarizer that rotates synchronously with the reflector. Current plans are that the radiometer will not incorporate a polarizer due to insertion loss concerns, but the polarization rotation will be corrected in the ground processing. The antenna provides a radiometer footprint of approximately 40 km (root-ellipsoidal area) defined by the one-way 3-dB beamwidth. The two-way 3-dB beamwidth defines the real-aperture radar footprint of approximately 28 km. The coverage swath width of 1000 km provides global coverage within three days at the equator and two days at boreal latitudes ( N). Fig. 1 illustrates the instrument and conical scanning configuration.
To obtain the desired 3-km spatial resolution, the radar employs range and Doppler discrimination. While the unfocused SAR processing planned is similar to conventional SAR, the aperture length of HYDROS is quite short (32 ms), simplifying the processing. Due to squint angle effects [20] , the 3-km resolution cannot be achieved within a 300-km swath region centered on the nadir track (see Fig. 2 ). The 3-km resolution ("hi-res") portion of the swath is thus defined as the two outer 350-kmwide segments shown in Fig. 1 .
The radiometer operates continuously, generating a relatively low (12.8-kp/s) data rate. In the baseline design, the radar delivers data in two modes: a high-resolution mode for generating 3-and 10-km geophysical products from SAR processing, and a low-resolution or real-aperture mode. In the high-resolution mode, each fully sampled radar return is digitized, compressed using block floating-point quantization (BFPQ), recorded by the onboard recorders, and later downlinked for range and azimuth compression processing on the ground. The peak instrument data rate is 31.7 Mb/s. In low-resolution mode, each radar return is incoherently averaged into ten range bins with phase information discarded. This averaging is done on the spacecraft, resulting in 6 km 30 km cells and a 60.0-kp/s peak data rate, though 3-km averaging (at 120 kp/s) is also being considered and is thus used here. Individual averaged measurements are termed "slices" and are spaced approximately 3 km apart in azimuth and elevation. Radar low-resolution-mode data are continuously downlinked to support real-time and operational applications.
III. STUDY METHODOLOGY
The primary purpose of this paper is to evaluate the feasibility of using postprocessing reconstruction/resolution enhancement techniques applied to the HYDROS low-resolution radar data to support near-real-time processing without the need for SARlike processing and its attendant high data rate. The goal is to achieve an effective resolution of 10 km with minimal data rate and ground computation.
In conducting this study, we are trying to minimize adverse impacts to the existing radar design, while enhancing the utility of the secondary low-rate data stream designed for real-time processing. In keeping with this philosophy, we only consider Illustration of combined fore/aft measurements sampling. Multiple slices from multiple pulses from both forward and aft measurements are combined. Given backscatter measurements collected for each footprint, the 2-D backscatter is reconstructed over a fine grid [5] .
the real-aperture measurements that are preaveraged prior to transmission to the earth. (Phase information is not retained.) The high HYDROS pulse repetition frequency (PRF) of 3.5 kHz results in issuance of one pulse every 210 m along the beam rotational circumference (i.e., in the azimuth or along-scan direction). In the real-time downlink, the pulses are averaged down to an effective azimuth sampling of 3 km. For future reference, we note that the along-scan (azimuth) resolution without enhancement is approximately 28-30 km, corresponding to the two-way 3-dB antenna beamwidth in the azimuth direction. As previously noted, the onboard range processing performed prior to averaging results in a nominal effective range resolution of 6 km. Ground-based processing is used to reconstruct measurements to a higher effective azimuth resolution.
Advanced reconstruction and resolution enhancement techniques have proven to be very useful in improving the utility of scatterometer and radiometer data (e.g., see [8] ). These techniques can be used to provide improved resolution measurements from microwave sensors and have been applied to scatterometers such as the NSCAT, the Seasat Scatterometer, the ERS-1/2 scatterometer, and the two SeaWinds scatterometers, as well as radiometers such as Scanning Multifrequency Microwave Radiometer and Special Sensor Microwave/Imager. The fundamental idea is to take advantage of the high-wavenumber information contained in oversampled measurements by reconstructing the aperture-filtered signal and inverting the spatial measurement response to estimate the radar backscatter (or brightness temperature in the case of radiom) at higher spatial resolution. Since enhancing the resolution also enhances the noise, there is a tradeoff between resolution enhancement and noise [5] , [21] , [22] . We note that the SeaWinds scatterometer has a similar antenna beamwidth, footprint, and geometry to the proposed HYDROS design. Resolution enhancement is being performed operationally on SeaWinds data for storm tracking, sea ice monitoring, and iceberg tracking.
It is proposed that the low-resolution mode HYDROS measurements be processed using a reconstruction algorithm to enhance the effective resolution. The reconstruction processing will estimate the surface backscatter at fine resolution from a dense array of aperture-filtered measurements. This is possible when the sampling is sufficiently dense and the spatial response function does not have spatial frequency nulls. The signal-to-noise ratio (SNR) must also be sufficient, since the inverse filtering which is part of the reconstruction tends to degrade the SNR [5] .
As previously noted, two different approaches to HYDROS reconstruction and enhancement can be used. These are illustrated graphically in Fig. 3 . Azimuth-only reconstruction is essentially a one-dimensional problem, while combined fore/aft reconstruction is a two-dimensional (2-D) problem. Note that unlike the coherent SAR-type processing, the reconstruction techniques used here are incoherent and thus have more limited resolution than the coherent processing, but also only need a lower downlink data rate.
For a single pulse, intrinsic resolution of the measurements in the azimuth (or rotation) direction is dictated by the 3-dB azimuth beamwidth of the antenna pattern, for HYDROS corresponding to approximately 28-km resolution (see Fig. 4) . The antenna patterns shown are theoretical predicted patterns computed from a model of the HYDROS antenna courtesy of the Canadian Space Agency who are partners in the HYDROS mission. For comparison, Fig. 5 shows the measured QuikSCAT antenna azimuth response, which has a similar 3-dB width. (For reference, QuikSCAT rotates at 18 r/min, orbits at 800 km, and has a 1900-km wide swath, while HYDROS rotates at 14.6 r/min, orbits at 670 km, and has a 1000-km wide swath.)
IV. HYDROS RECONSTRUCTION/ENHANCEMENT
In conventional signal processing, reconstruction is achieved by low-pass filtering zero-hold data. Assuming the Nyquist rate is met, the effective resolution of such processing is typically limited to the size of 3-dB response of the spatial response function, in this case 28 km. However, higher resolution can be obtained using full reconstruction theory, which, in effect, convolves the measurements by the inverse spatial response function, i.e., deconvolving the spatial response function. We note that uniform sampling is not required for reconstruction, though it can simplify the processing. To be effective, the full reconstruction requires: 1) oversampling of the signal; 2) a spatial response that has no nulls in its spectrum over the desired frequency range; and 3) sufficiently high SNR, since the deconvolution tends to amplify high-frequency noise. If these requirements are met, the signal can be reconstructed to higher resolution than the 3-dB extent of the spatial response function. However, there is a tradeoff between reconstruction resolution and SNR degradation [5] .
The results presented here are based on the iterative scatterometer image reconstruction (SIR) algorithm, modified for single-variate reconstruction [5] , though other reconstruction techniques can be used. SIR has the advantage of not requiring uniform sampling and, compared to the Backus-Gilbert algorithm, requires less computation [21] . In any case, knowledge of the spatial response function and the sample locations is required [5] , [22] .
The primary limitation to reconstruction is the azimuth antenna pattern. The response pattern acts as a spatial filter on the surface. It must be inverted as part of the reconstruction. In effect, the reconstruction takes advantage of sidelobes in the response function to recover higher frequency information. If, however, the gain of the response pattern at any given spatial frequency is too low, the signal cannot be recovered, since any noise present in the measurements at that frequency is overly amplified in the inversion. In this case, the noise dominates the signal. A practical limitation to the recovery is a response function spectral gain more than 40-50 dB down from the peak, though this number is reduced when the SNR is low.
Typically, radars (such as QuikSCAT) have higher antenna sidelobes with fairly broad spatial response patterns. However, radiometers typically require much lower sidelobes to improve their measurement accuracy. The HYDROS antenna design is driven primarily by the requirements for high-accuracy radiometer measurements. As a result, it has very low sidelobes with a narrow, low-pass spectrum. Fig. 6 contrasts the azimuth spectra of the HYDROS and QuikSCAT two-way antennas patterns. From this figure, it is clear that the HYDROS antenna pattern very nicely cuts off any information at spatial frequencies finer than about 20 km, while QuikSCAT, with its much less ideal antenna pattern, can achieve finer reconstruction, since some high spatial frequency information is retained, even though heavily attenuated.
In azimuth-only reconstruction, the reconstruction is performed only in the azimuth or rotation direction to improve over the real-aperture resolution defined by the rolloff of the antenna pattern. Range resolution remains unchanged. Simulations show that while the 3-dB azimuth resolution of HYDROS is 28 km, reconstruction resolution as fine as 22 km can be achieved-only a limited improvement due to the low HYDROS antenna pattern sidelobes. Thus, azimuth-only reconstruction cannot provide sufficient enhancement to improve the resolution from 28 km to the 10-km resolution desired for the soil moisture product. Instead, we examine 2-D reconstruction, which has been successfully used for other spaceborne radars including QuikSCAT [5] , [8] , [9] .
Combining the forward-facing and aft-facing looks takes advantage of the finer intrinsic resolution of the HYDROS measurements in the range direction by combining, in ground processing measurements made when the antenna is facing forward with measurements made when the antenna is facing backward (see Figs. 3(b) and 7) . However, it requires making measurements in two different azimuth look directions, requiring sampling around the 360 antenna rotation locus. We must also assume that the surface response is not azimuth angle dependent at the scales of interest. Studies using QuikSCAT data have revealed that this is a reasonable assumption at scales of 3-5 km and larger over most land areas of the globe, making this approach feasible for resolution enhancement at this scale. We note that the baseline design includes only forward-looking measurements and, therefore, must be modified to make aft-facing measurements for this option. However, this change has a relatively small design impact on the HYDROS system.
As suggested by Fig. 7 , the relative orientations of the slice spatial response patterns enable improved resolution, an idea suggested in [5] . Optimal resolution is obtained by reconstruction techniques using multiple overlapping measurements. We note that the recoverable resolution as determined by the spectra of the averaged slices is azimuth angle dependent (see Fig. 8 ), i.e., at a given swath location, depending on which direction is considered, the width of the main lobe of the spectra varies with direction. We, thus, consider both the best case and worst case spectral resolution. The best case resolution is the width of the 3-dB response in the orientation of the finest resolution, while the worst case resolution is the width of the 3-dB response in the orientation of the coarsest resolution.
Further, due to the measurement geometry, the relative orientation of the fore/aft measurements varies over the swath, causing variation in the reconstruction performance over the swath. Thus, reconstruction performance at different swath locations must be considered (see Fig. 8 ). As illustrated in Fig. 8 , the best case (orientation of the direction of the finest resolution) and worst case (orientation of the direction of the coarsest resolution) combined fore/aft 3-dB resolution varies over the swath. While the reconstruction ameliorates this to a degree, spatial frequency components completely filtered out by the antenna pattern cannot be recovered.
We use simulation to evaluate the effective resolution of the reconstruction. Simulated measurements based on the predicted sampling and spatial response functions are generated with the aid of a synthetic truth image. Monte Carlo noise is then added [23] , [24] . The noisy measurements are then processed using a reconstruction algorithm, and various metrics such as the effective resolution and the normalized standard deviation due to the noise are computed. In the following, reconstruction performance is evaluated using the iterative SIR algorithm with 500 iterations. A metric for the noise level commonly used in scatterometer is the normalized standard deviation, referred to as " ." of the raw measurements depends on the measurement SNR and the number of independent samples or 'looks' averaged in each measurement, i.e., [2] - [4] SNR SNR (1) where is the number of independent range looks determined by the range compression, and is the effective number of independent azimuth looks in each averaged measurement. Combining the number of range and azimuth looks yields a variation of from 12-80 looks per cell over the swath. Over land, the HY-DROS SNR is generally high so that the measurement is primarily determined by the number of looks [20] .
Two Monte Carlo simulation approaches are employed. In the first, the reconstruction performance is evaluated in detail at discrete swath locations. In the second, full-swath reconstruction is simulated. Discrete swath location simulation is considered first.
In the discrete swath location simulation, 3-km azimuth averaging is used to generate simulated low-resolution radar measurements. These have nominal 3-dB resolutions of approximately 3 km 30 km. The HYDROS antenna/orbit geometry determines the sampling locations. In the simulation, the synthetic "true" surface radar backscatter cross section (sigma-0) is a single low-pass filtered delta function to enable visualization of the point-response function. The low-pass filter ensure that the true surface is bandlimited to 3-km resolution. Monte Carlo noise is added to the simulated based on the estimated SNR and number of looks [(1); see [24] ].
A sample discrete swath simulation result at an antenna azimuth angle of 45 (within the swath "sweet spot") is shown in Fig. 9 . The "raw" image shows the individual 3-km measurements for each look direction. The relative density and spacing of the individual LBR measurements are evident by the image gridding. These are the nonenhanced images. The SIR image better represents the original signal, though for this case the original signal is incompletely recovered and contains low-level "star-like" artifacts due to the elongated response functions. The 3-dB resolution is approximately 6 km in the vertical and horizontal directions, but only 9 km in the diagonal directions. We note that similar enhancement performance can be achieved even if the measurements are averaged to 9 km in azimuth by 6 km in range resolution. The corresponding spectra of the signals in Fig. 9 are shown in Fig. 10 . The reconstructed signal spectrum approaches the original signal spectrum at some directional orientations; however, at other directions, the signal spectrum is less completely recovered, confirming that the reconstructed signal has better effective resolution at some directions than others. At this swath location, the finest (best case) resolution is aligned along 45 or 135 , while the resolution at 0 and 90 is slightly coarser.
To aid in tradeoff studies, we evaluate the best and worst case resolutions by examining the spectrum of the recovered signal and reporting the smallest and largest 3-dB spectral widths. The precise values for the recovered resolution are dependent on the orientation of the slices, which varies with swath location. Fig. 11 plots the resolution performance metrics for the 3-km simulations. In this simulation example, the reconstruction is able to recover the signal at 6-km resolution over most of the swath, based on the best case orientation. However, the worst case resolution varies from approximately 22 km at far swath and nadir where the fore and aft slices are aligned to km at midswath where the slice orientation is the most favorable (the elongated slices are orthogonal). A useful measure for the effective resolution is the square root of the area for which the response is 3-dB or less down from the peak. Using this metric, over the swath "sweet spot," the effective resolution by the square-root area metric is better than 10 km. We note that at nadir and far swath, the reconstruction is, in effect, azimuth-only, since the fore and aft slices are aligned. At midswath, however, reconstruction from fore/aft measurements significantly improves the recoverable resolution.
As previously noted, reconstruction to improve the spatial resolution tends to degrade the SNR. To quantify the noise, we plot the of the backscatter estimates as a function of swath location in Fig. 12 . Since spatial resolution improves with increasing SIR iterations but SNR degrades, there is a tradeoff between SNR and spatial resolution.
Careful analysis reveals that the correlation between pulses due to coherence of Rayleigh fading increases the of the averaged measurements only marginally [24] . While reconstruction increases the noise, the combining of forward-looking and aft-looking measurements provides additional averaging, thereby reducing the noise. The result is that the of the reconstructed low-resolution measurements is similar to the of the raw measurements for a single direction. We note that varies over the swath in inverse proportion to the number of effective looks, which is related to the effective resolution of the reconstruction. As the resolution of the reconstruction improves, increases. We note that the value of achieved over the "sweet spot" is approximately the same obtained by degrading the baseline 3-km SAR measurements from 3-9 km (a factor of reduction in noise).
We further note that the reconstruction is essentially an incoherent process. The SAR-type processing planned in the baseline HYDROS non-real-time processing is, however, coherent and can produce significantly better resolution (1 versus 8 km) over the "sweet spot" portion of the swath. However, due to the relative variation of iso-range and iso-Doppler lines over the swath, the resolution of SAR processing varies over the swath (see Fig. 2 ). At nadir and far-swath, the reconstruction, which accounts for the roll off of the antenna pattern, yields slightly finer resolution (22 km) than the baseline SAR processing (28 km). 
V. FULL-SWATH SIMULATION
Finally, a simple 2-D simulation over a full half swath (results are symmetric for both sides of the swath) is generated to better understand the varying reconstruction performance over the swath due to the varying orientation of the slices. In order to ensure a conservative performance assessment, for this simulation the azimuth averaging was set at 8 km, while the range averaging was set at 5 km. The center locations of each of the range-compressed azimuth-filtered slice measurements are shown in Fig. 13 as computed from the nominal orbit, PRF, and antenna geometry. We note the dense sampling of the surface afforded by the slice measurements. This dense sampling is essential for successful reconstruction [5] .
Simulation results for this case are shown in Fig. 14 . A synthetic true "scene," consisting of several point targets and lines and bandlimited to 5 km, is used to generate simulated slice measurements based on the predicted antenna pattern and sampling geometry. Note that in this simulation, the slice orientations vary across the swath resulting in variable reconstruction performance. Image estimates resulting from gridding the measurements (no reconstruction) and the SIR reconstruction algorithms are shown in Fig. 14. As anticipated, the SIR algorithm provides the finest resolution and best signal reconstruction, but contains image artifacts. The variable reconstruction with azimuth angle is evident in the vertical line and in the variations in the star-like artifacts surrounding the point targets. For the noisy results shown in Fig. 14 , Monte Carlo noise based on the calculated SNR is added. The resulting SIR images are somewhat degraded and have reduced dynamic range, but do a reasonable job of reconstructing the surface backscatter, except at far (and near) swath where the azimuth geometry is unfavorable. These results demonstrate the viability of the approach, though further tuning to optimize its performance for HYDROS is suggested. Though performance is not as good as the baseline SAR-type processing, the reduced computational and data requirements of the fore/after reconstruction approach will enable real-time product generation.
VI. CONCLUSION
The HYDROS mission will provide a capability for high spatial resolution sampling of soil moisture. The SAR-like range/Doppler processing required to achieve the finest resolution may be unsuitable for some real-time downlink and operational purposes. In this paper, we have considered an alternate downlink and processing approach based on onboard preaveraging of the measurements and application of reconstruction techniques in ground processing. This lowers the downlink data rate and simplifies initial processing steps.
Two approaches to reconstruction were considered: azimuth-only and combined fore/aft-looking. While reconstruction increases the noise, the low-resolution measurements and the combining of forward-looking and aft-looking measurements provides averaging, thereby reducing the noise. The result is that the of the reconstructed low-resolution measurements is similar to the of the raw measurements for the forward-looking direction. We note that varies over the swath in inverse proportion to the number of effective looks, which is related to the effective resolution of the reconstruction. As the resolution of the reconstruction improves, degrades. Of the two approaches explored for HYDROS reconstruction and resolution enhancement, using fore-and aft-looking measurements is shown capable of achieving better than the desired 10-km spatial resolution from low-data-rate HYDROS measurements with acceptable signal fidelity and noise level over most of the swath.
These results suggest that the approach is, thus, a viable lowcost option for real-time processing of data for the HYDROS mission. Additional studies are planned to optimize the selection of azimuth and range averaging, to evaluate the sensitivity of the reconstruction to the full 2-D antenna pattern, the PRF, and the averaging filter response functions, and to refine the ground processing algorithms.
